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1.0 INTRODUCTION - This anal

ference (EMI) problems experienced on the NASA Gemini Program.

D e W
108 LH

To clarify the EMC philosophy
been presented in Section 2.

at the system level have been

b e S . [ . O ofa.a0 4 -
presentation of 13 pepresentative case histories. {(Additiomsl

discussed in the Appendix.)




2,0 GEMINT EMC JUND

2.1 Program Degcrivtion - McDonnell's BEMC responsiblility the HAS4 on -

Gemini program was to dublgn and dewvelep a vehicle which would carry out its

a3
I &

mission without »Dmpfl&l e from EMI. WASA placed no specific EMI reguirsmes

¥cDonnell hardware, other than where it interflaced with other contractors’

b

Implicit in the definition of McDonnell's responsibility was the responsibili

or rectify, any EMI oproblem that might be encountered.

McDonnell did not choose to impose EMI specifications on vendor supplied eguipme

g

as a compliance requirement., MIL-I-26600 was applied only as a design goal and Lest

requirement. There is evidence that some of the vendors were conscientious, and did in

fact use this military specification as a design goal. The EMI activity on the part of

o

other vendors was obvicusly tempered by the fact that there were no co

The Genistron Corporation was given a contract by McDonnell to assist in the
control of EMLI on the Gemini program. The joint McDonnell and Genistron effort cone
sisted of:

(1) writing the EMI Control Plang

(2} writing EMC Design Notes;

(3) reviewing spacecraft (S/C) shielding and grounding techniques;

(4L} review vendor test procedures;

(5} reviewing vendor test results;

(6} recommending corrective action where vendor tests indicated a

m "(

problem at the system lev

(7} recoammending corrective action where problems wars

. L o T b f TREIANTE Y e e W TS ) IS T
Electronic System Test Unit (ESTU) tests, at the McDonnell-S8t, Louls
facility;
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ssociabe contractors for co
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mondtoring interfaces wi

[

requiremnents.
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This activity not only prevented many EMI problems, bul resclved cthers

arose during ESTU tests. A ao@ example of EMC problem prevention was the effort invelved

o i W

in the redesign of the Agena acguisition lights. The results of EMI tests perfor

the vendor indicated a strong possibility that the broadband noise generated by the

acquisition lights would interfere with the C-band radar beacon and rendezvous radar
transporder. Tests utilizing the questionable components verified this susplelon
fact., A coordinated assult on the problem by McDonnell, the vumd@r and the customer
resulted in a redesigned acquisition light and the addition of a power filter. This
made the visual acquisition and radar system compatible as verified by ground test as

well as £light performance.

Much EMC activity, problem prevention, and problem resolution did in fact coour

on the Gemini Program prior to system tests. However, in spite of this activity, 100
separate problems caused by EMIwererecorded on the Gemini program during systen |

tests at St. Louis and Cape. These are the problems which are described in this st

ol \.:\.«Ew ~ @
Whereas this report emphasizes the problems which were encountered during the systeme

level tests, due credit is given to the EMC activity which prevented numercus other

problems from remaining unsolved until final predelivery test of flight
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3.1 General — All EMC problems investigated in this study have been 1

in Table 3~l. The problems have been noted in the right-hand colums as due to glitches,

teady state EMI, or RF enviromment. Problems due to glitches are those that occur

as a result of switching activity initiated by test persomnel, or the astronauts. FPro-

Py

blems due to steady state FMI are those that occurred as a resulit of the

operation of the 5/C systems, and not as the result of switching activity.
dus tco RF enviromment are those that occurred as a result of the opepation of the 5/0
in its deliberate RF envircomment., 4 deliberate BF envircmment is deflined here as an

BF enviromment due to deliberately generated signals {rom intended socurces. Thers was

no program scnedule impact resulting from the problems discussed herein |
problems were resolved at the system level rather than redss

3.2 Representative EMC Problems - The 100 EMC problems

& group of detailed “case history" presentations of the more

problems are presented below. Hach of these accounts describes the probl
cusses the present Gemini B status of cor @ctive action, if any. Some additional EMC
problems have been digcussed brielly in Appendim 4.

Iy

3.2.1 Pomputer Malfunction Caused by Antenna Motor - Durdng tests, giliches

generated by the spacecraft HF communications amntenna extend/retr

computer “"malfunction® light to illuminate. (Ref. MRR #564 wlli, &t LOouls.,

3.2.1.1 Ipvestigation = in examination of the i

red at the time of the walfunction, indicated that the antenns motor was

cause, During the subsequent troubleshooting, transienis of <40 to +90 vol

LG

or on., Howevsr, the trouvleshoobin

in that the computer wall did mot illwm




TABLE 3-1

TABULATION OF GEMINI SYSTEM-LEVEL EMC PROBLEMS
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TABLE 3-1 Continu =
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1. Multiplexer (low-level) | Excessive EMI on instrumentation powe IDR#L vs J435=10 @
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TABLE 3-1 - Continued
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TABLE 3-1 Continued
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TARLE 3= 44 3 :
E 3-1 Continued g L | %
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TABLE 3-1 Qm% inued

Eroblen Gause Documents
gg. Erroneous radar EMI from Agena acquisition light
readouts

89. RFI from Patrick AFB radar SEDR H466-8
Hemo PGOK-2881

940, Unsuppresesd mooring drive motor McDonnell Report
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3,2.,1.2 Corrective fction = The flight plan was amended to ensble the compuber

to be turned off whenever either of the two HF communications antennas were being ex-
tended or retracted,

3.2,1.3 Gemini B Status -« The present {1ight plan is such that only one HF

antenna is used, which will be extended after touchdown. During this itime the computer

will not be on. Also, tests will be performed on the antenna motor to determine i1

guppression devices on the motor would be desirable for ocut-of-sequence testing

-

This case illustrates a characteristic frequently encountered in EMC proble

namelv that of nonrepeatasbllity, or random occurrence. The account alsc indicates the

application of flight plan logic as an alternative to hardware redesi

by
&

through 13,

o

.%;, ap &

o)

3.2.2 Computer Malfunction Caused by AGE~Coaxial Switch = During tests

fu

Kennedy the ccmputer ®malfunction" light illuminated whenever either of two Aercspace
Ground Equipment (AGE) coaxial switches, used to seguence antennas, were actuated,

(Ref. IDR#1 vs HL6B=G; FRR-9A, Cape.)

A T N O - 3
2 a4t the Lop oL

3.2.2.1 Investigation - Two motor driven coaxial switches, locatl

the erector and controlled from the blockhouse, were powered by wires routed in prow
to many other lines between the spacecraft and blockhouse., The switching transienis

4 £
(eI

were coupled into adjacent computer lines along the one throusand foot run
craft, resulting in the coampubter malfunction,

3.2.2.2 Corrective Action = One of the switches was replaced by a wmanually cperated

switch, and the other by a hybrid ring coupler.

3.2.2.3 Cemini B Status

feet long, could be expected

control by means of switchadd p
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3.2.2.3 Continued
a low current, low voltage control system should be used. To further guard against the
coupling of magnetic and electric fields into other circuits, the control wire should
twisted with its return, and the pair shielded. If it is impossible to route the two
leads together, they should be kept away from sensitive signal lines, making sure that
any electromechanical devices which they operate (such as relays, etc.) are properly
suppressed. These precautions will be followed on Gemini B.

3.2.3 Glitches Caused Spuricus Radar Commands o Augmented Target Docking 4

(ATDA) - Several ATDA functional operations were generating transients which, when

coupled into the L~band radar commsnd link, caused the docking cone to change

rigidized to the unrigidized state, or vice versa. (Ref. ATDA SEDR Mi53; Memos GSO-1901,

Cape. )
3.2.3.1 Investigation - The two main sources of interference were: (1) transients

on the ATDA power busses caused by on-board equipment being turned on and off, and (2)
transients generated within the L~band transponder itself.

3.2.3.2 QCorrective Actinn = The incorporated solutioms consistes

# \ o il

of in~line power filters, (2) improvement (from an EMC standpoint) of

O
et
i3
&
o
L

¢
o

figuration, (3) the addition of an external suppression cirecuit 4«

oy 4 omy gt ol
nsponcer,

(4) the reconfiguration of the RCS thrus

+

ter solencid suppression diodes.

neluded in the Gemini B

}\Jf

3.2.3.2 Gemini B Status - The ATDA is not

3.2.4 Inadvertent EKeving of Spacecraft UHF Compunications Transmiti

altitude chimber tests, the extravehicular activity (EVA) communicatio

not perform properly due to cudio coupling withir the astronaut's one |

. P o e s W L N oo o e Y
tether cabla. (Ref. Memos GU30-1809, GS0-1914; SUR 951 55 IDR#L2 ve. H3B3=-E, Si. J

3.2.4.0 Investigstion - Audio signals from the EVA headset

.

LRUNEE & 1 “ T o LIE 1 4 PR .1 v e e o wanld o P o
into the EVA microphone lines. This audio coupling was a result of a

the following EMC design principles




3.2.4.1 Continued
with its "return" wire to cancel the magnetic fields present around each of the individua.
wires. The deviation occurred when one wire of each pair was diverted to a relay in the

astronaut's EVA Life Support Package or "back-pack”. Therefore, for a short distance

(about three feet), the magnetic fields around the wires were not cancelled, and
coupling resulted. These audic signals were then sent into the spacecralt Voice Contrel

Center (VCC) where they activaied the automatic, voice operated communications transmitte

keying circuit (VOX). When the transmitter is keyed, the communications

abled. Thus, when the ground station transmitted to the spacecraft receiver, the result-

o

ant audio would immediately disable the receiver and momentarily disrupt reception in
spacecralt.

An interesting test conducted by the Boeing Company demonstrates the effectiveness
of twisting the signal wire with its return, in order to reduce EMI (See Figure 3]
Although this test called for a signal to be induced into the test cable, the recivprocal
nature of electromagnetic field effects allows the results of the test to indicate the
relative amounts of signal that would be radiated from the various cable configurations.

N

3.2.4.2 Corrective Action -« The flight plan was altered to

of operation in the space-to~ground communications link during EVA.

[ X ’

3.2.4.3 Gemini B Status ~ The EVA Life Support Package (back-pack)

juy)

in the Gemini B configursaticn.

3.2.5 Tracking-Beacon Transconder Interrosated by Airport Fadsr

Spacecraft No. 3 vibration tests, the S-band tracking-beacon transponder replied

mittently to "interrogations" Irom the combined signal of a U.S. Weather

B

and a FAA approach control radar, both about one mile from the McDonnell spacecraft

facilities. (Ref. Memo GSO-915, St.

Eﬁ
f_;,
o
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3.2.5.1 Investization - The coding reghirement for successivl inte

the transponder (i.e. %o obtain a beacon reply) called for a pair of pulses whose lead-
ing edges were separated by 6w5/;zsee,g + 1.8 Msec. The interrogation frequency was
2840 MHz and the receiver bandwidth at 30 db was specified to be no more than 40 MHz.

The FAA radar transmitted a single pulse at 2820 MHz, and the Weather Bureau radar

o)

trangmitted a single pulse at 2881 MHz. The rotating radar antennas allowed the pulses

fL‘

to periodically combine into pairs which met the beacon receiver coding and input
quency/amplitude requirements.

3.2.5.2 Corrective hction -~ No corrective action was taken.

3.2.5.3 Gemini B Status ~ The S-band tracking beascon transponder is not included

in the Gemini B configuration.

3.2.6 FEup @Wlmemi Transmitter Fmitted Spurious Redistions - A& GFE supplied special

4.

purpose spacecraft transmitter (Experiment No. D-14) was found to be radiating MY
spurious frequencies during prelaunch tests at Cape Kennedy. (Ref. MRR#264SGBL, Cap.)

3.2.6.1 Investigation - The D-li experiment consisted of a dual fre uency, 1ow
q

power, CW transmitting system, designed to assist in the study of the Faraday Rotation
effect. The gpuricus radiations were detected with a ground test station spectrum
‘analyzer during routine spectrum surveillance.

3.2.6.2 Corrective hction - The transmitter was retuned by the experimenter

(Navel Research Labs) which eliminated the spurdious radiations.

3.2.6.3 Gemini B Status -~ The D~lk experiment, is not included in the Gemini B

configuration.

3.2.7 Experiment Packspe Interferred with Messurement of Bilo-lad Wam”Wﬂvﬁr; -

The electrocardiogram and resplration rate telemetry parameters fron bolh astronaubs .
were being inverferred with by a spacecraflt

(Ref. MRRAL254RGI29 vs. H3I83-8, St. Louis.)
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3.2.7.1 Investipation - The 5=3 experiment consisited of two identical packages

which were designed to provide data for the study of the effect of an oubter space en=-
vironment on the growth of frog eggs. The interference was generated in a2 smeil DO-DC

converter within each package, and was coupled into the astronaut's bio-med

monitoring system.

%3.2.7.2 Corrective Action - The wire harness leading to the packages was rede

slgred to incorporate shielded wire and EM

3.2.7.3 Gemini B Status -~ The S=3 experiment is not included in the Gemini B

Iy

3.2.8 ECS Solencid Valve Glitches Interferred with Telemetry Svetem - Transients

generated by the spacecraft evaporator and radiator valves caused loss

of the telemstry system during tests. (Ref. IDR#6 vs. H385=3; S/C 3 MPS
St. Louis.)

3.2.8.1 Investigation - The transient spikes (from 50 to 70 volts in amplitude)

were observed on the solenold power lines, but disappeared when suppression diodes were
installed on the solencid power plug.

3.2.8.2 Corrective Action - Since the actusl solencid terminals were

the potting at the electrical commector to the valve was cubt away, th
to the exposed pins, and the connector was repotted. (See EO#DEDEI7T vs. Dwg. No. 52-
79393.)

Figure 3=-2 shows typical interference characteristics (500 wvolt,

glitch) of an unsuppressed solenoid. Also shown, for comparison, is

ference level after a simple dicde suppregsor was added across the sclencid.

b

golsnoids on the Gemini B will

3.2.8.3 Geminl B

) R P A T PRI R I P WU SR
3.2.9 Coclant-VYalve Solonoid Glitches Reset

adapter-ssction telemetry multiplexer was repsal

from the coolant-valve soleno.ds. (Ref. S/C

St. Louis,)
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3.2.9.1 Ipvestigation - It was found thalt the coolant-valve solenclds generated

transients, 300 to 500 wolts in amplitude and of short (millisecond) duration, whenever
the valves were actuated,

3.2.9.2 Corrective Action -~ The preblem was solved by adding suppression devices Lo

the solenoids. It should be noted thalt the coolant system was not alore in its ability
to 1nitiate a reset of the multiplexer. Some of the other spacecraft switching functions

that have been known to cause multiplexer resets during the NASA Gemini program are:

1. MDIU - ON 13, Bio-Med Recorder - (N

2, Computer = ON 1he Mamaal 02 - HI RATE

3. Computer Light -~ OFF 15, Suit Fan - ON or OFF

L., Platform Mode ~ FREE 16.  Att. Control C/B - OFF

5.  Platform Mode -~ BEF 17. Seg. Inst, C/B -~ CFF

6. Platform Mode - CAGE BEF 18, ACME Logic Switches -~ PRI

7. Platform Mode - CAGE SEF 19. A/C Power - OFF

g. Platform Mode - OFF 20. Tape Playback - CONTINUOUS
9, DCS Command - TAPE DUMP 21. C-Band Beacon - ON (via DCS)
10. TM Control (STRBY) - OFF 22, FHRadar - OFF
11. TM Comtrol (TM) - R/T 4ND ACQ 23, D-=l4 Experiment - EXTEND BOOKM
12, Bio-Med Inst. G/B - ON 2o HF Whip Antenna - EITEND

3.2.9.3 Gemini B Status - All solencids will be diode suppressed on the Gemini 3.

The multiplexers are normally reset every 2.4 seconds to insure syncronization. A false
resst therefore causes an abnormal situation for less than 2.4 seconds. Since this inter-
ruption will not degrade the mission objectives or flight safety of the crew, it was agreed
by both McDonnell and Aerospace that no redesign of the multiplexer reset circuits is
required for Gemini B. (Ref. Minutes of Preliminary Design Review for Gemini B PCHM System
McDonnell Company, St. Louis, Mo., held on 6 October 1966).

3.2.10 Glitchkes Caused AGE Power Supply Output to Fluctuate - Transients, generated

by a spacecrafi coaxial switch, appeared on the voltage sensing leads of ar AGE power
supply causing the output of the powsr supply to vary between O and 28 volts. (Ref.
IDR#28 vs HL34-12, S%. Louis,)

3.2.10.1 Invesiigation - During EVA tests, a special purpose, spacecrift telematry

receiving system was used to receive tr-ansmissions from a ..ow powsr telemetry transmitter
located in the Astronaut Maneuvering Unit (AMU). A coaxial switch in the spacecraft,
energized by a "“signal seeking" circuif. in the receiver, cycled the input of the receiver

between two antennas, once every secomnl, until a usable RF level was found.
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High-amplitude, positive voltage transients, generated by the coaxial awitch, were
sent back to the AGE power supply via its sensing linss and were interpreted by the sup-
ply as momentary over-=voltages. A3 a regult, the power supply output voltage would drop
to zero for about twenty milliseconds every time the coaxial switch was cyclied. The
energy stored by a 100,000 microfarad capacitor in the AGE power sysiem maintained the
actual spacecraft bus veltage at the proper level while the power supply was off.

3.2.10.2 Corrective Action ~ Suggestions for improvement of the AGE supply system

which were considered, (but not incorporated) included: (1) a more judicious selection
of the voltage sensing point, and (2) filtering of the sensing leads to prevent sensing-
circuit response to itransient voltages.

o

3.2,10.3 GCemini B Status - The special purpose, telemetry receiving system is not

included in the Gemini B configuration. To prevent this type of problem from occurring on
Gemini B, an E-C network is included in the voltage lines for sensing as close as possible
to the spacecraft. Improved shielding is also incorporated for the Gemini B configuration.

ey

3.2.11 Common Impedance Grounding System Caused Noisy Accelerometer Qutputs = The

ground test station telemetry readouts of the X, ¥, and Z accelerometer outputs wer
unacceptably noisy. (Ref. S/C ¢ DR#S0 vs Ji435-=6, Cape,)

3.2.11.1 Investigation - “he noise was being mposed on the accelercmeters via

the common impedance of a ground path shared by the accelerometers and the instrumentation
system's DC~DC converters. (See Figure 3=3).

¢ N
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3.2.11.2 Corrective Action - A separate ground path was provided (dotted line of

Figure 3-3) for the accelercmeter returns.
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3.2.11.3 Gemind B Status -- A separate ground path for the acceleromete:

will be provided on the Gemini I.

3.2.12 Eecessive Noise on Low-Level Multiplexer Channels - The adapter-sec

low-lavel multiplexsr outputs contained an unacceptably high noise level.

ve J435~10; S/C 10 DRH#OL3, Cape.)
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3,2.,12.1 Investigation - Electromagnetic noise (about 400 miliivolis peak) cbserved

nn the instrumentation system's 24 volt maln power line, was induced into the nearby
rmultiplexer subsystem power wires,

3e2.12.2 Lorrective Action - The instrumentation system's power line was rerouted

away from the multiplexer power line,

3.2.12.3 Gemind B Status - Wire routing in the Gemini B adapter is in general much

different from the wire routing in NASA Gemini, and it is not anticipabted that this

¥

P
el
0
[
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problem will recccur, Tests will be conducted on the selectronic gystems test unit
to insure that this condition is not present,

Rol3 IHxcessive Noise on Gimbal Stabilization Sipnal Monitoring Linss -~ The

guidance and control recordings of the gimbal stabilization signals were noisy when the
RCS or OAMS jets were fired during tests, (Ref. IDR#54 vs. HL453=2, Cape.)

3.2,13.1 Investigation - Transient spikes, about three volts in ampliitude and

0.02 milliseconds in duration, were present on a one throusand foot-long jet-actuator
monitoring line, and were coupled into the nearby gimbal stabilization signal monitoring
cable,

3.2.13.2 (Corrective Action = The jet~actuator monitoring lines were left disconnscted,

except when reguired for troubleshooting.

3e2e13.3 Gemini B Status - Since lines monitoring an electromechanical actualion

are potential sources of EMI, their shielding and routing will be given specizl atiention.

3.3 EMC During Gemind Mission - With the exception of the momentary loss of data

due to multiplexer resets, the Geminl spacecraft was slectromagnetically

durine the mission as evidenced by the fact that there were no mission problems abttribu ab\'
to EMI. Howerer, it should be remembered that in order to attain tris EMC during the

mission, a few flight constraints were imposed (exumple = Faragraph 3.2.1.2),




4.0 SUMMARY OF NASA GEMINT PROBLEMS - The CGemini System-level problems Lhat wers

documented have been suwmmarized in Table 4=-1. Since NASA agreed that the multiplexer
reset problems represented an acceptable design characteristic, (Ref. Inter-0ffice Memc
No. 465~G1170, Minutes of MAC/NASA Policy Meeting held on 15 April 1965), not all

multiplexer reset problems were documented. Of the subsystems having a sulficient number

o

of EMC problems to rate special mention, the TM subsystem is the most significant, wiéﬁ

L6% of the total. However, more than one-half of these TM problems involved the multiplexer
reset function (see Paragraph 3.2.9), and were caused by glitches which could all have

been avoided with eithsr improved circuit design, or suppression measures. Bxcluding

these. 22 EMC problems would have been related to the TM system. Since the other

subsystems listed in Table 4-1 average 13 problems each, a total of 22 for the TH

subsystem 13 not surprising considering its complexity, its vast cabling network, and

the fact that 1t interfaces with all other spacecraft subsystems,

5.0 GENERAL GEMINI IMPROVEMENTS - During the NASA Gemini program, many EMI problesms

were encountered during producticn spacecraft testing. In order to reduce the EMI
problems encountered on Gemini B, improvements have been made in the design of the

i

spacecraft system, and more comprehensive ZMC tests have been planned for the purpose of

finding probable EMI problem areas before actual spacecraft production begins.

5.1 Design Improvements - Specific design improvements are given in ihis

un the discussions of the Gemini B status of corrective action for the EMI proble

.

encountered during NASA Gemini, UGeneral design improvemenitz incorporasted for Gemini B
include additional shielding for computer wires and AZE cables, suppressicn of sclencids by

the use of diod:s, separation of wire categories in the adapter, wire roubting improvezents

(from an EMC stundpoint) in the re-entry section, low impedance paths hatween pyrotechnd

&

initiators and structure, and SSI Exhibit &i4~4 compliance on new eguipsents and in

-

equipments, These design improvements will not only sliminate the

onccurred on NASA Gemind, byt will also prevent the ocourrs

on Gemini B.
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5.2 Program Improvements — In addition to the design improvements for the

GTCOR S 1
Gemini B,

2

the EMC test program has been improved in order to find probable EMI problem areas at ar

A

pe

eéarly state of the program.

¢ ey

During the NASA Gemini program, the ESTU and the compatibility test unit (CTYU) were
used to verify compatibility between systems. The NASA ESTU was used to determine il the
electronic systems (Communications, Guidance and Control, and Instrumentation) would

operate together. The CTU was used to determine if all electrical and electronic

and associated AGE would operate together. Both of these units were helpful in

EMI problems in the producticn spacecraft.

The Gemini B ESTU is similar to the NASA CTU in that it contains both the electrical
and electronic systems, it utilizes a wiring configuration representative of [lighv
vehicles, and it utilizes SST AGE and associated cabling. The NASA CTU did not completely
achieve its objective because extensive wiring design changes toock place that could
not be reflected inm the CTU because of schedule. It is anticipated that the extent
of Gemini B design changes occurring too late to be rellected in ESTU will be much
less than on NASA Gemini.

Formal EMC tests were not performed on either of the NASA test units. On the
Gemini B, formal EMC tests will be performed on the ESTU. These formal EMC tests include:

Critical Point Safety Martin Test
Power Bus nolse tests for each sub-system
Interfacing circuits noise tests with sophisticated interface simwiations.

It is anticipated that this type of test will bring to light probable EMI problem

areas, and will eliminate many oif' the NASA Gemini tyre problams before production

testing.




TABLE 4-1
FMC PROBLEM SUMMARY

Quantity of Problems Encountered

Steady RF
State Environ=-
Related Subsystem Elitches EMT mant

Tzrals

Computer 2 10 1

13

e

T oubayshen 27 10

it

Guidance & Control Subsystem

9
cations Subsystem 0 10 4
0

MHiscellensous

(RO AW
O

12 1

Average

i

TOTALS N 51 15

system=level EMC problem per S/C - 8-1/2

w%’gm—



1.0

2.0

3.0

4.0

o

APPERDTL A

SOME ADDTITICNAL DISCUSSION OF EMI PROBLEMS

Loss of Telemetry Synchronization — Electromagnetic noise on the high-level multi-

plexer resulted in an intermittent loss of sync on the telemetry groind statio
During the course of troubleshooting, it was noticed that resets would occur when-—

ever a nearby maintenance man in the white room turned his floor polisher on or
off. Solution: iltering was added to the reset line, and the floors were polished
between tests. (Ref.: SEDR ID321-5, St. Louis.) Gemini B Status: WNo redesign of
this circuitry has been incorporated on Gemini B.

Audio Hum in Pilot's Headset - Considerable audio hum was being introduced into the

pilot's lightweight headset by an AC powered DO supply located in an AGE console cone
taining intercom auvdic circuitry. Solution: DExternal batteries were used instesd
of the AGE power supply. (Ref.: IDR#22 vs. H383-10, St. Louis.) GCemini B Status:

If this problem occurs during the Gemini B Program, the same soluticn will be in-

corporated.

Computer Malfunction Indication - During the manned altitude testing of Spacecralt
Five, the computer malfunction light illuminated as a result of the high intensity,

3

ambient electromagnetic interference in the vicinity of the Building 107 altitude
chamber. Solution: WNo corrective action has been taken. (Ref.: IDR#LS5 vs. H383-5,
St. Louis.) Gemini B Status: No improvements are expected in the ambient inter-

ference in Building 103. However, the computer malfunction light wire will be

shielded in Gendini B.

o

G

DCS Ground Test Station BMI - Th: DCS ground station prepunched tape nessage:

{g,z

not always agre: with the messages actually sent to the spacecraft from the ground

station. Also, the tape reader would stop occasionally at random messages, or

ine gen@ral concensus 18 that the cables and circuw

.

ounc station racks have shielding problems.
5, & .
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These interfaces received a great deal of attention, but no one acquainted with the
system is certain that the problem was completely corrected. Gemini B Status: The
DC3S ground station is not used for the Gemini B.

Interference on IVi's - The Z channel of the IVI drove to zerc because of an extran-—

eous, open-ended wire connected to an unused position of the ATM mode switch. This

wire was acting as an entenna which radiated transients, caused by the switch opere
. . - - o £y 7

ation, into the IVI's. Solution: The wire was removed. (Ref.: IDR#5 vs. HL31-10,

not be in-

&.-.«,.3

St. Louis.) Gemini B Status: The wire which acted as an antenna will
cluded in the Gemini B configuration.

a

Computer Malfunction Indication - Transients in excess of 150 volis were present

on the rate gyro power lines, and caused a computer malfunciion whenever the rate

gyros were turned on. Sclution: Zener diodes were placed across the rate gyros

]

for transient suppression. (Ref.: IDR#3 vs. H432-6, St. Louis.) Gemini B Status:
The Zener diode method of suppression will be incorporated on Gemini B.

Computer Halt Initiated by EMI - A computer halt signal was generated by EMI from

an urnknown source. The susceptibility was due to (1) an unshielded halt signal
line, (2) the high impedance of the computer halt circuitry, and (3) the fa aﬁw rlgge
time characteristics of the transients. Solution: A4 filter capacitor was pl&é@&
between the halt line and the computer signal ground. Other occasions on which
computer halt signals have been generated by EMI are described in the f@ilmwﬁng A
cuments: IDR#77 vs. H383-4 (St. Louis altitude chamber), IDR#L9 vs. H37L-3, and
IDR#L2 vs. H371-3. (Ref.: IDR#33 vs. H43L-5, St. Louis.) Gemini B Status: The
halt circu.try has been redesigned to have a pesk noise immunity of 5.2 volis and
has been shielded. The NAS/ Gemini halt circuit would trigger wren a 3 woli, lﬁv

crosecond signal was on tre HALT line.
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Telemetry Interfered with by HF Transmitier - Throughout the entire NASA Gen

program, whenever the spacecraft HF transmitier was keyed, rious te try para-

@
meters became noisy. It has been demonstrated many times that the sitwation is
somewhat improved when the hatches are closed and all shingles are in place. OSclu-
tion: No feasible solution has been proposed to this problem. However, every
fiight plan was written fo insure that the HF communications system was not normally
used during EVA (hatch open) exercises, since during this time both the interference,

and the necsssity for "clean" bio-med telemelry parameters, would be at

mum. (Ref.: IDR#25 ws. H431-7, St. Louis.) Gemini B Status: The HF ¢

wlll not be used during the flight mission except during recovery. During this time
no telemetry will be transmitted.

Telemetry Interfered with by UHF Rescue Beacon ~ The telemetry signal Irom the space~

cralt to the ground test station became noisy and caused the ground station 4o

sync whenever the UHF rescue beacon was turned on. The rescue beacon is a

#

high power UHF transmitter, and is pulse group modulated. It was designed in this

way to permit receivers in rescue vessels to easily acquire the resultant signal.

Y

However, inadvertent acquisition by other systems is also possible, and cccurred

in this case because the coaxial cable carrying the telemetry signal to the

station was routed so as to pass close by the rescue bezmcon antenna. Sclubion:
The telemetry cable was rerouted. (Ref.: IDR#54 vs. H431-2, St. Louis.) Cemini B

Status: The rescue beacon will rnot be operated at the same tims the

transmitted. Also, the Gemini B uses a low power (3 watt) cw transmitter and i

nct expected te create a problem of this nature,




